Coordinated expression of valine catabolic enzymes during adipogenesis: analysis of activity, mRNA, protein levels, and metabolic consequences.
3T3-L1 fibroblasts have limited enzymatic capacity to oxidize valine. Enzymes expressed in these cells allow efficient oxidation of only the first carbon of this branched chain amino acid. The pathway is effectively truncated at the level of 3-hydroxyisobutyrate because of very low expression of two enzymes required for the complete pathway, 3-hydroxyisobutyrate dehydrogenase and methylmalonate semialdehyde dehydrogenase. These two enzymes, as well as the branched chain alpha-ketoacid dehydrogenase, are markedly induced upon differentiation of 3T3-L1 fibroblasts into adipocytes. Flux through the first two decarboxylation steps of valine catabolism is increased dramatically after differentiation, particularly through the step catalyzed by methylmalonate semialdehyde dehydrogenase. Activation of the distal portion of the valine catabolic pathway correlates with significant increases in enzyme protein and mRNA levels for 3-hydroxyisobutyrate dehydrogenase and methylmalonate semialdehyde dehydrogenase, and this establishes the pathway in 3T3-L1 adipocytes for utilization of valine carbon for lipogenesis. The induction profiles of 3-hydroxyisobutyrate dehydrogenase and methylmalonate semialdehyde dehydrogenase are very similar, suggesting coordinate regulation of the expression of these two valine pathway-specific enzymes. Induction of valine catabolism in 3T3-L1 cells is solely differentiation dependent, suggesting regulation by the same factors that govern differentiation of 3T3-L1 fibroblasts into adipocytes.